The stiffness of the arterial wall is a risk factor for cardiovascular disease in adulthood. 1 Stiffness of elastic arteries is predominantly related to the amount and organization of collagen and elastin fibers; vessel wall with less elastin and/or disordered elastin is stiffer. Proper development of the arterial wall requires an adequate nutritional supply of proteins in the form of structural components. Synthesis of arterial fibers begins in early fetal life and the rate of elastin synthesis reaches its maximum by the end of pregnancy (late in the third trimester). 2 Subsequently, the rate of elastin synthesis decreases through infancy, childhood, and adolescence. 2, 3 If environmental conditions during this interval are adverse (e.g., malnutrition, illness), the synthesis and organization of elastin and collagen in the arterial vessels may be affected, which may lead to permanent changes in their mechanical properties. [2] [3] [4] [5] Nevertheless, other factors may contribute to an increase in vascular stiffness through the formation of fatty streaks and plaque after the formation of the arterial wall is completed; these include high intake of fat, sodium, and sugar. [6] [7] [8] [9] [10] [11] Epidemiological evidence suggests that fatty streaks of childhood may be converted into fibrous plaques and complicated lesions during the third and fourth decades of life. 12 It has been hypothesized that exposure to an adverse environment during gestation and early childhood may trigger metabolic and/or structural adaptations that may favor the survival of the fetus or young child, but may also increase the risk of chronic diseases in adulthood. 13, 14 Therefore, the health and nutrition status of the mother during pregnancy, feeding period, and early childhood 
may potentially be important determinants of arterial wall structure. 15 Conditions in which children grow and develop, specifically nutritional and general living conditions, are highly variable among populations and are influenced to a large extent by socioeconomic factors. 16 In this context of the hypothesis of the impact of fetal and early growth conditions on health during the life cycle, the aim of this study was to analyze the relationships between weight at birth (fetal health) and early postnatal feeding practices and some anthropometric and functional characteristics (body size, blood pressure [BP] , and carotid-femoral pulse wave velocity [cf-PWV]) in 9-to 10-year-old children from three multicultural samples.
METHODS

Population studied and sample characteristics
The sample included 520 schoolchildren 9-10.99 years of age enrolled in elementary schools in Madrid (Spain, n = 176), Vitória (Brazil, n = 231), and Luanda (Angola, n = 113). Data collection was conducted from 2011 to 2014. The sample was evenly distributed between boys, 257 (49.4%), and girls, 263 (50.6%). Families of the children were contacted and invited to participate. The families were informed of the details of the study and freely provided signed informed consent for the children to participate in the study. Nevertheless, participation of the children was voluntary. Only girls and boys with no previous history of artery diseases or hypertension and without current antihypertensive medication were included in the study. Girls with menarche onset were also excluded.
The following variables were considered in the study:
Social demographic variables and ante-, peri-, and postnatal factors
Socioeconomic variables included country of origin. Antenatal factors included mother maternity age (years) and maternal total weight gain (kilogram) during the pregnancy. Peri-and postnatal factors included data on status at birth (birth weight [gram] ; gestational age (weeks) was extracted from each child's health cards provided by the family. The gestational age computed as the number of completed weeks of gestation from the date of the mother's last menstrual period to delivery.
Weight at birth (gram) was adjusted by gestational weeks and it was recorded in three categories: low birth weight (<2,500 g), normal birth weight (2,500-3,999 g), and macrosomia (≥4,000 g). The American College of Obstetricians and Gynecologists defines macrosomia as birth weight over 4,000 g irrespective of gestational age or greater than the 90th percentile for gestational age. 17 Retrospective information on duration of exclusive breastfeeding (EB), weaning age, and total duration of breastfeeding (TB) was also collected. EB: children who received only breast milk and no other liquid or solid except for vitamin drops or syrups, mineral supplements, or medications.
Current anthropometric variables and indices of children
Children were examined in a single visit to the respective investigation center by trained researchers in the morning period in quiet rooms with controlled temperature (22-24 °C ) .
Weight (kilogram) and height (centimeter) were measured using World Health Organization procedures. 18 The body mass index (kg/m 2 , BMI) was calculated and classified as low (BMI < −2 SD), normal (−2 SD to 1 SD), overweight (>1 SD to 2 SD), or obese (> 2 SD). 19 Current arterial pressure of children BP was measured three times with an automatic device (OMRON HEM-705CP). The OMRON child cuff was used for arm circumferences from 16 to 22 cm and the small adult cuff for 23 to 33 cm, measured at the midpoint between the acromion and olecranon. Measurements were taken in the morning in a sitting position, back supported, the left arm unclothed and supported at heart level, legs uncrossed, feet resting on the floor, and after at least 5 minutes' rest beforehand. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded as the arithmetic mean of the two last measures.
Finally, the mean arterial pressure was calculated by the formula [SBP + (2 DBP)]/3.
Current arterial stiffness of children
cf-PWV was determined by means of the SphygmoCor system. 20 cf-PWV measurements were taken at a transcutaneous level by means of a tonometer that, through applanation, gathers arterial pulse readings at two arterial points, between the carotid artery and the right femoral artery, combining the two at a fixed point in the cardiac cycle by means of an electrocardiogram reading. Monitoring the electrocardiogram during measurement ensured detection by the system of the pulse wave initiation point. Measurements were taken at the right carotid artery, 1 cm below the carotid bulb, with the individual in a supine decubitus position for 5 minutes before measurement, with the head turned to the left 45°. 20, 21 Previously, the distance in millimeters between the two arterial (carotid and femoral) points was measured on the body surface in order to relate this to the time lapse obtained and thus establish a distance/time ratio. The best distance estimate in adults (and probably also in children) is 80% of the full carotid-femoral distance. 22 To prevent any potential methodological bias, a single trained researcher performed all the cf-PWV measurements in each sample.
Statistical analyses
A database was built and statistically analyzed using the program Statistical Package for the Social Sciences 22.0. The Kolmogorov-Smirnov test was used to test continuous variables normality. Analysis of variance was used to compare groups, followed by Tukey tests. The Kruskal-Wallis test was used for non-normally distributed variables. The chi-square (χ 2 ) or Fisher exact test was used to compare proportions. The degree of correlations between variables was tested with the Pearson or Spearman correlation coefficients (r).
Multiple linear regressions were applied to identify the partial and total contribution of the factors in determining the cf-PWV, SBP, and DBP values. Considered independent variables were sex (0: boy; 1: girl), birth weight (indicator of conditions in the fetal stage), duration in weeks of EB (indicator of quality of food in the first months of life), and BMI (indicator of nutritional status at present). The significance level for all tests was P < 0.05. 
RESULTS
Distribution and descriptive statistics for demographic, health indicators at birth, and current anthropometric and hemodynamic variables by place of birth of children are summarized in Table 1 .
The samples do not differ according to sex. The Spanish sample had older maternal age whereas Brazilian mothers were the ones who gained more weight during pregnancy.
The children of Luanda were born at earlier gestation. The duration of EB and TB was significantly lower in the Spanish sample compared to Brazilian and Angolan samples. Between Brazil and Angola, the differences observed were not significant.
On the other hand, the prevalence of obesity was higher in Brazil whereas in the Spanish sample more overweight is observed, and Angola had greater the prevalence of normal weight and thinness.
No significant differences were observed in the values of SBP, DBP, and mean BP; however, cf-PWV was significantly higher in the Angolan children than in the Brazilian and Spanish children.
Three regressions were performed for each sample in which the following independent variables were introduced in the forced model: sex (0: boy; 1: girl), birth weight, duration in weeks of EB, and BMI. The results are shown in Table 2 .
In the first model (dependent variable: cf-PWV adjusted to SBP), for Madrid and for Vitória, BMI was the only variable that remained in the model with a positive coefficient, indicating a direct influence of high values of BMI on high values of cf-PWV. In the sample of Angola, in addition to BMI, birth weight remains in the explanatory model, with a negative coefficient, indicating an inverse relationship between birth weight and stiffness of the arterial wall. In the explanatory model of SBP, the association is repeated, i.e., in the three samples only BMI explains some of the observed variability in SBP; high values of BMI would be associated with high values of SBP. In Angola, besides BMI, birth weight remains with a negative coefficient in the model. Finally, in the DBP model, only BMI explains part of the observed variability for DBP in the three samples.
DISCUSSION
In this study, we found significant differences in cf-PWV between the three samples, but not in SBP and DBP. The explanatory factors of the variability observed in cf-PWV are different in each sample. In the children of Madrid and Vitória, higher values of BMI were associated with higher values of cf-PWV. In Angola's children, in addition to BMI, birth weight also influences cf-PWV. Lower values of birth weight adjusted by weeks of gestation are associated with higher values of cf-PWV in Angolan children.
Although not significant, differences were observed among the three samples for birth weight because Luanda children were slightly small at birth. The mean gestational age of the children of Luanda was also significantly lower than the gestational ages of the children of Vitória and Madrid. It may be possible that these two features were indicative of worse fetal conditions among children born in Luanda compared to those born in Vitória and Madrid, and that these worse conditions could have adversely affected development of the arterial wall. At the time of data collection, probably the socioeconomic situation of the families was very different in the three samples because the Human Development Index (HDI) at the time of birth of the children was 0.913, 0.775, and 0.381, in Spain, Brazil, and Angola, respectively. In addition, 2002 was the year that marked the end of the civil war in Angola. Thus, the health conditions of women may have been compromised due to the food shortage and worse health services. On the other hand, no similar situation has been observed in Brazil and Spain. Hence, it is reasonable to assume that conditions in Angola were likely physically, psychologically, and emotionally demanding for the mothers of the Angolan children who were pregnant during the civil war. Corresponding conditions did not occur in Spain or Brazil. Assuming the HDI reflects variation in socioeconomic conditions in each of the countries represented in this study, the results were generally consistent with other studies highlighting the impact of socioeconomic conditions during childhood on subsequent health status. [23] [24] [25] Some evidence indicated that children with lower birth weight have a greater BP 26 and wall thickness in childhood, 27 or increased arterial stiffness measured by ultrasonography 28 or cf-PWV. 29 These results also allow us to highlight the important impact of adverse conditions in critical periods of the life cycle for the health, the timing model about the influence or socioeconomic status (SES)-related factors on health. 30 According to the timing model, SES-related factors have the greatest influence on health later in life if experienced during specific accelerated developmental periods as occurs during the last trimester of pregnancy and from birth to 3 years. In these sensitive periods, individuals are most vulnerable to SES exposure. 31 On the other hand, some studies have noted an inverse association between duration of breastfeeding and arterial stiffness. 32, 33 Although the sample of Luanda children experiences a longer duration of EB, it apparently did not influence arterial stiffness at 9-10 years of age. This likely reflected the offsetting effects of generally adverse prenatal conditions that included a lack of nutrients and structural components, which would have had a negative impact on the formation of the arterial wall and thus negated the protective The bold entries indicate the statistically significant values (P < 0.01). Continuous data were analyzed with analysis of variance (ANOVA) test and chi-square test, and discontinuous data were analyzed with Kruskal-Wallis or Fisher exact test. Abbreviations: BMI, body mass index (kg/m 2 ); cf-PWV, pulse wave velocity carotid-femoral; DBP, diastolic blood pressure; EB, exclusive breastfeeding; LW, low weight (<2,500 g) adjusted by gestational age; M, macrosomia (>4000 g) adjusted by gestational age; MAP, mean arterial pressure; NW, normal weight adjusted by gestational age; SBP, systolic blood pressure; TB, total breastfeeding. a ANOVA test. b Kruskal-Wallis test. *P < 0.001. '*' means P < 0.001 compared to the 2 other groups.
effect of breast milk on arterial stiffness. The Spanish children were the least breastfed, but their fetal conditions were better than those of the Angola children, considering gestation length and economic conditions in Spain ~2002. It was perhaps likely that the Spanish children started with a most appropriate arterial wall structure; however, the fact of having received short breastfeeding and the early use of artificial milk could contribute to an acceleration in its postnatal growth, which is a risk factor of having higher values of BP in later stages of life. 34 The Vitória sample showed an intermediate profile between Luanda and Madrid children. They likely had better fetal conditions than Luanda children, but their socioeconomic living conditions and the quality of their food patterns at the time of study were worse than those of Spanish children, as it has been referenced in the study carried out by Mora-Urda et al. 35 The cross-sectional nature of our study regarding the current conditions of arterial wall stiffness and associated factors may be considered as a limitation to determine causal relationships. However, the information gathered from the health charts of these children at birth and in their first months of life allows establishing a temporality relationship between the conditions of the past (birth weight, prematurity, duration of breastfeeding) and current cardiovascular risk, which provides evidence on the importance of life cycle perspective in the study of the determinants of arterial wall stiffness and other cardiovascular health indicators.
A possible limitation could be related to the lack of information about the income of families at the time of birth. Although without this information, it was possible to identify important differences in the samples by taking into account an index that aggregates average income, schooling, and life expectancy. To the best of our knowledge, this is one of the first studies of multicultural samples from three different countries in prepubertal children in age (9-10 years) immediately prior to the onset of puberty in most children. The same methodology was used for the three samples, both in data collection as in the devices used. The cf-PWV measure was made by three different researchers in each country. However, they were trained in the same way by researchers of the Brazilian team. We consider that this could serve to control the interobserver error, but it could also be considered as a limitation of the study. The fact that the sample is composed of individuals from three countries from three different continents, with different socioeconomic levels and with cultural and historical differences, has deepened the nature of the contradictions of the results obtained in other studies with populations homogeneous in terms of socioeconomic conditions.
Children from Angola had the highest mean cf-PWV value, especially children with lower birth weight. On the other hand, BMI is related with cf-PWV in the samples of Brazil and Spain, and with duration of breastfeeding in Spain. These data suggest that prenatal conditions may influence the cf-PWV values found at the end of childhood.
The structure of the arterial wall in childhood depends on the one hand of early factors acting in the first weeks and months of life and influenced the structure and placement of the elastic fibers in the wall, and other factors that act later, more related to food and lifestyles and have an important impact on the thickness of the wall and the deposit of atheromatous plaque even if it is small.
The effect of the factors affecting the intima wall structure is irreversible; although conditions of nutrition and lifestyles improve, the structure no longer changes. Factors that act after the formation of the artery are modifiable and associated risk can be prevented.
